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@ Process for reducing the free aldehyde content in N-alkyiol amide momomers. 

@ In a process for the prigparation of N-alkylol amide monomers wtierein a polymerizable amide is reacted with 
an aldehyde, the improvernent which comprises adjusting the pH of the resulting N-alkylol amide monomer to 
pH 10-11 and adding thereto an alkali or alkali earth metal borohydride at a temperature of -10 to 25* C so as to 
convert the residual free aldehyde in the equilibrium mixture to the corresponding alcohol. 
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usedil bind foo^Z » , . " IT"" °' applications, m nonwovens, they a.e 

used to bmd togettier a loosely assembled mass of fibers to form a self-sustaining web which ca^ then be 

te^S^el thf r ''h '''^P"^^'"^ -'P«-- «'tration^Product and SeTke 'n 
tex^-les. they are used, for example, in fiberfill. upholstery backcoating. ticking coatings flocWnq adhSves 

"areSntsl^^^^^^ ^''"'^'"^ ^"^ ^'"^-^ 'ormula^d'^Hh oZ 

For manv Of fh P'9T«"*^-.^°«'^'"9 «9«"ts. ^o^m stabilizers, catalysts, thickeners and the L 

.ft«r «1 T 7 .1 applications, it is desired to incorporate crosslinking monomers into the latex which 
arte application to the substrate, will crosslink in a weakly acidic pH range or in the presencTo tetenT acid 

n^rlc^ T^ the eacton of a polymenzable amide with an aldehyde are conventionally utilized for such 
purposes. Generally, these N-a.kylol amide containing monomers correspond to the structure 
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and where Ri is H or CHa; Rz is H or CHa; n is O to 3; R is H or OH^ 
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where Ra is Ci to Ci alkyl or 



55 and X is 2 to 4. 

Of these monomers, N-methylol functional ethylenically unsaturated monomers are most often used. 
The N-{2,2-dialkoxy-1 -hydroxy )ethyl acrylamide monomers are also examples of frequently used monomers 
of this type.' 
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Although N-methylol acrylamide (NMA) is the most widely used crosslinking monomer In such 
applications, it is also a recognized source of formaldehyde, a chemical the presence of which manufactur- 
ers are seeking to eliminate or reduce. Thus, NMA is generally prepared by the reaction of a 1:1 molar 
mixture of aqueous acrylamide and formaldehyde under alkaline conditions (pH 9-10), a reaction leading to 
an equilibrium mixturjo containing NMA. acrylamide and formaldehyde in a ratio of approximately 96, 2.5 
and 1.4%, respectively. 

Previous attempts to shift the equilibrium towards lower free formaldehyde by increasing the pH of the 
reaction have led to: undesirable side reactions such as polymerization of the acrylamide monomer or 
destruction of formaldehyde via the Cannizarro reaction. Another approach to lowering the free formal- 
dehyde level is disclosed in U.S. Patent 4.449.978 and involves using a molar excess of acrylamide in 
emulsion polymers prepared with NMA. Various scavengers have also been suggested, such as are taught 
in U.S. Patent 5.143j954. However, the presence of these scavengers or their reaction products is not 
always desirable in the final product. 

The amount of free formaldehyde present in emulsion binders which contain N-methylol acrylamide is 
quantifiable in three different aspects. The first is the free formaldehyde in the emulsion polymer as used. 
The second measurement is the free formaldehyde emitted by the emulsion polymer upon impregnation, 
coating, drying and curing in the nonwoven or textile product. The third measurement is free formaldehyde 
present in the finished nonwoven or textile material. The formaldehyde level in the final product is especially 
important in binders and coatings which are to be in direct contact with human skin such as in the cas of 
baby drapers, paper towels and the like. The amount of formaldehyde emitted upon drying is also important 
in the conversion of large fabric rolls where the levels of formaldehyde which may be released into the work 
environment are limited. 

When N-(2.2-diall<oxy-1 -hydroxy )alkyl acrylamide monomers such as N-(2.2-dimethoxy-1 -hydroxy )ethy I 
acrylamide (DMHEA);are used as the crosslinking monomer in latex binders, It is possible to produce 
binders which are entirely free of formaldehyde. However, since the reaction to produce the monomer also 
results in an equilibrium mixture, the presence of the free aldehyde component has been found to produce 
undesirable discoloration in the dried webs bonded therewith. It Is therefore desirable to minimize the level 
of free dialkoxyacetaldehyde in the DMHEA monomer. 

We have now found that the free aldehyde content of the emulsion polymer and in the finished 
nonwoven or textile may be substantially reduced by the use In the emulsion polymer of an N-alkylol amide 
monomer which has been treated under controlled pH and temperature conditions with an alkali or alkali 
earth metal borohydnde to chemically convert the free aldehyde contained in the monomer to the 
corresponding atcohoL 

Thus, the preserit invention is related to an improvement in the preparation of N-alkylol amide 
monomers wherein th0 improvement comprises adjusting the pH of the monomer to pH 10-11, and adding 
thereto an alkali or alkali earth metal borohydride at a temperature of -10 to 25 'C. preferably o' to 10* C. so 
as to convert the residual free aldehyde in the equilibrium mixture to the corresponding alcohol. The 
reduction of the free ^Idehyde content according to the invention may be carried out by batch or continuous 
processes. The resultant monomer has a free aldehyde content less than about 0,4% and. when used as a 
crosslinking comononier in vinyl ester and vinyl ester acrylic ester emulsions polymers and copolymers 
provides a substantial} reduction in free aldehyde in both the latex and in the tinal dried and finished product 
prepared therewith. 

The process described in the present invention has been found to be useful in the reduction of 
formaldehyde in N-methylol functional ethylenically unsaturated monomers and also in the reduction of free 
aldehyde levels in N7(2.2-dialkoxy-l-hydroxy)alkyl acrylamide monomers as well as in similar N-alkylol 
amide monomers. : 

In accordance witiji the process of the invention, the N-alkylol amide containing monomer to be treated 
IS prepared in aqueous solution by the reaction of a polymerizable amide with an aldehyde according to 
conventional techniques. For example, N-methylol acrylamide monomer is prepared by the reaction of 
equimolar amounts of .formaldehyde and acrylamide at a pH of 9.5-10 and a temperature ranging from 35 to 
40° C for about 3 hours until th formaldehyde level is less than about 2%, preferably between 1.2 and 
1 .5% as determin d by hydroxylamine titration. 

Analogous procedures are used for \he preparation of other N-methylol functional ethylenically unsatu- 
rated carboxamides having 3-10 carbon atoms such as N-methylolm thacrylamide. N-methylolmaleimide 
N-methylolmaleamic acid. N-methylol-maleamic acid esters, N-methylolallylcarbamate, N-methylolamides 
of th vjnyl aromatic acids such as N-methylol-p-vinylbenzamide and the like. 

Similarly, the N-(2.2-dialkoxy-l.hydroxy)ethyl acrylamide monomers are prepared by the reaction of 
acrylamide with the corresponding 2.2-dialkoxy acetaldehyde. Other N-alkvlol amide can bft «.imiUriv 
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prepared via reaction of other polymerizabie amides and other aldehydes 

s X iTe Tl'^Tr'- '''''''''' borohydHde.ta'Lrsl;dn ^ Lil' o^r^ 

teZerature Of 10 to 2^^ ^0°"°"," '^^'^ ^"'"^^^ '^'^ maintain^ at a 

oMh« N « 1? . S ♦^'"Peratures may be used provided care is aken to avoid crystailization 

dll^L H ^""f • °' borohydride is continued together with sufficient acid to S S me 

J^T/ H , ° ^''^ ^^"'^^^ temperature for about one hourluntil titration of the reSjual 

aldehyde md-cates levels of less than about 0.5%. after which the pH is adjusted to 6 The rLsuS^ 
w scavenged moriomer should be stored in a cool place at temperatures below aboit 30 • C 

fn..nl^th°.?f Tl °' ^""^^"^"^^ '5 ^^Pable of reducing 4 moles of aldehyde: however we have 
TIT,. .^ ' " "''"'"^^ °' »° P^«f«^^«d °Ptirn"m reduction of free 

free Shvnl '.^ ^^''^^^^ for the excess borohydride results from the genera^k^n o^ 

free aldehyde v,a re-equ.hbration of the adduct/amide/aldehyde system under the basic reaction conditions 
pvnth M borohydride reduction of the aldehyde is very' rapid yet only mode alely 

reaTv"conZeT;r T""" ^"""^'^ ^^'^ ='-"9'^ -^'^ exoTerrcan' 

r«.r?on thl K ! H ^ controlhng the addition rate of the reagents. Moreover, during the course of the 

orSn^-n ! '^r'^ry^ [^^"^^^ «^"<") P^e^^"' the acrylamide to elemental Co. Cu (II) tons a^e 
.n TH^l""'."^^ '""^^ «s a free radical polyrnerrzatfon 

Lt?H ^ °' hydroqulnone or other free radical inhibitors las well as goodTrpa ge 

are therefore necessary to inhibit premature free radical polymerisation of the monomer. ^ 
The resultant low aldehyde containing N-alkylol amide may be used alone as the crosslinking monomer 

lno;n°"' "" '° '^"^ - --^"'^'O"! P^'y-"-- The crosZkTng 

monomer .s generally used at levels of 0.5 to 10%. preferably 1 to 5%. by weight of the polymer 

«r.>L '"''"'^'^ "monomers used in emulsion polymers prepared with the low aldehyde containing N-alkylol 
Sneral^rr-' °^ copolymers of vinyl acetato with ethylene or acrylato esters 

Generally emulsions prepared herein are derived from polymers which contain at least 50% by weight of 
lirZH °' component which may be copolymerized with at least ^one of any conventionally 

employed comonomers. Suitable comonomers include those selected from ttie class of ethylene- viny^ 

furnanc acd contammg 1-8 carbon atoms in each alky! group; and C-Cs alkyi acrylates and methacrylates. 
These comonomers may be present in the emulsion copolymers at levels up tol48% by weight of the total 

^SlrTno/°r°"*'T; "^^^ ""^^'^ comonomer. it is generally used in amounts up to 

about 30 /o by weight. Also suitable for polymerization with the low aldehyde N-alkylol amide monomers are 
35 emulsion polymers based entirely on C, -C, ♦ alkyI (meth) acrylato esters as well as copolymers thereof 

As noted above, the crosslinking monomers used herein are the low aldehyde-containing N-alkylol 
amides which have been treated with a borohydride salt according to the teachings of the invention. 

Olefinica^ly-unsaturated carboxylic acids may be used in an emulsion polymer. These include the 
alkanoic acids having from 3 to 6 carbon atoms or the alkenedioic acids having! from 4 to 6 carbon atoms 
10 Ike acrylic acid, methacrylic acid, crotonic acid, itaconic acid, maleic acid or fumaric acid, or mixtures 
thereof in amounts sufficient to provide up to about 4% by weight, of monomer units in the final copolymer 

Optionally, polyunsaturated copolymerizable monomers may also be present in small amounts i e up 
to atjout 1% by weight. Such comonomers would include those polyolefinically-unsaturated monomers 
copolymerizable with vinyl esters or vinyl ester acrylic ester copolymers for example, vinyl crotonate, allyl 
« acrylato, allyl methacrylate, diallyl maleate. divinyl adipate. diallyl adipate. diallyl phthalale. ethylene glycol 
diacrylate. ethylene glycol dimethacrylate, butanedlol dimethacrylate, inethylene bis-acrylamide triallyl 
cyanurate, ete. In addition, certain copolymerizable monomers which assist in the stability of the copolymer 
emulsion, e.g.. sodium vinyl sulfonate, are also useful herein as latex stabilizer. These optionally present 
monomers, if employed, are added in very low amounts of from 0.1 to about 2% by weight of the monomer 
50 mixture. 

The emulsions are prepared using conventional batch, semi-batoh or semi-icontinuous emulsion poly- 
menzation procedures. Generally, the monomers are polymerized in an aqueous medium in the presence of 
the redox initiator system and at least one emulsifying agent. 

If a batch process is used, the major monomer(s) and any optional non-functional monomers are 
55 dispersed in water and are thoroughly agitated while being gradually heated to the polymerization 
temperature. The homogenization period is followed by a polymerization period during which the initiator 
and functional monomers including the tow aldehyde N-alkylol amide monomers are added incrementally or 
continuously. If the slow addition procedure is employed, and particularly in the case of polymerization of 
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vinyl acetate with acrylate esters, the major monomer(s) and any optional comonomers are added gradually 
throughout the polymerization reaction. In either case, the polymerization is performed at conventionaJ 
temperatures from 40 •C to 110'C, preferably from 50 'C to 80 'C. for suffici nt time to achieve a low 
monomer content, e.g.. from 0.5 to about 10 hours, preferably from 2 to about 6 hours, to produce a lat x 

5 having less than 1 percent, preferably less than 0.2 weight percent, free monomer. 

In the case of interpolymers containing ethylene^ the polymerization procedure is similar to that 
discussed above except that it is carried out under pressure of 10 to about 130 atmospheres using 
polymerization procedures taught, for example, in U.S. Patent Nos, 3.708.388; 3.404.112; 3,380.851 and 
4,164,488. In these cases, the ethylene content of the interpolymer depends on the ethylene content of the 

70 aqueous polymerization medium. Factors which control the ethylene content of the polymerization medium 
include the partial pressure of ethylene in the vapor phase over the medium, the temperatur of 
polymerization and the degree of mixing between the vapor phase and the liquid medium. Generally, the 
polymerization is performed at temperatures from 50 'C to 80 'C and. at these temperatures, ethylene 
partial pressures fronri 50 to 1 .500, preferably from 250 to 1 ,000 psig. are sufficient to incorporate from 1 to 

75 30. preferably from 5 ito 25. weight percent ethylene in the polymer. 

While any conventional initiator systems may be utilized herein, the use of a particular polymerization 
initiator system comprising a hydrophobic hydroperoxide, in amounts of between 0.05 and 3% by weight, 
preferably 0.1 and 1% by weight based on the total amount of the emulsion and ascorbic acid, in amounts 
of 0.05 to 3% by weight, preferably 0.1 to 1% by weight, based on the total amount of the emulsion has 

20 been found to provide an additional reduction in the free formaldehyde content of the resultant polymer. As 
used herein, the term "ascorbic acid" includes additionally the isomers of ascorbic acid such as iso- 
ascorbic acid (i.e., erythoric acid). Hydrophobic hydroperoxides include, for example, tertiary butyl 
hydroperoxide, tertiary amyl hydroperoxide, cumene hydroperoxide and the like. Of the hydrophobic 
hydroperoxides, tertiary butyl is preferred. The redox initiator system is slow-added during the polymeriza- 

25 tion. 

To control the generation of free radicals, a transition metal is often incorporated into the redox system, 
and such metals include an iron salt, e.g.. ferrous and ferric chloride and ferrous ammonium sulfate. The 
use of transition metals and levels of addition to form a redox system for polymerization media are well- 
known, i 

30 The polymerization is carried out at a pH of between 2 and 7. preferably between 3 and 5. In order to 
maintain the pH range, it may be useful to work in the presence of customary buffer systems, for example, 
in the presence of alkali metal acetates, alkali metal carbonates, alkali metal phosphates. Polymerization 
regulators such as mercaptans. chloroform, methylene chloride and trichloroethylene. can also be added in 
some cases. 

35 The dispersing agents are all the emulsifiers generally used in emulsion polymerization, as well as 
optionally present protective colloids. It is also possible to use emulsifiers alone or in mixtures with 
protective colloids, i 

The emulsifiers can be anionic, cationic or nonionic surface active compounds. Suitable anionic 
emulsifiers are. for example, alkyi sulfonates, alkylaryl sulfonates, alkyi sulfates, sulfates of hydroxylalkanols, 

40 alkyi and alkylaryl disulfonates. sulfonated fatty acids, sulfates and phosphates of polyethoxylated alkanols 
and alkyphenols, as well as esters of sulfosuccinic acid. Suitable cationic emulsifiers are. for example, alkyl 
quaternary ammonium salts, and alkyl quaternary phosphonium salts. Examples of suitable non-Ionic 
emulsifiers are the addition products of 5 to 50 moles of ethylene oxide adducted to straight-chained and 
branch-chained alkanols with 6 to 22 cartxDn atoms, or alkylphenols. of higher fatty acids, or higher fatty 

45 acid amides, or primary and secondary higher aJkyI amines; as well as block copolymers of propylene oxide 
with ethylene oxide ;and mixtures thereof. When combinations of emulsifying agents are used. It is 
advantageous to use a relatively hydrophobic emulsifying agent in combination with a relatively hydrophilic 
agent. The amount of emulsifying agent is generally from 1 to 10. preferably from about 2 to about 8, 
weight percent of the monomers used in the polymerization. 

50 The emulsifier used in the polymerization can also be added in its entirety to the initial charge to the 
polymerization zone or a portion of the emulsifier. e.g., from 25 to 90 percent thereof, can be added 
continuously or intermittently during polymerization. 

Various protective colloids may also be used in addition to the emulsifiers described above. Suitable 
colloids include polyvinyl alcohol, partially acetylated polyvinyl alcohol, e.g., up to 50 percent acetylated. 

55 casein, hydroxyethyl starch, carboxymethyl cellulose, gum arabic. and the like, as known in the art of 
synthetic emulsion polymer technology. In general, these colloids are used at levels of 0.05 to 4% by 
weight, based on the total emulsion. 
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the scavengers taught .n U.S. Patent 5.143.954. the disclosure of which is incorporated he erby referee 
Rohnl aTd HaaT ^^^^"^"^^^ bacteriocides sLh as Katho?; av^rablf I^om 

or pSe<S^coi.o1?el?o'If ^'"h.'' '^"^"^'^ °' °^ e-ulsifying agent 

Ld A?a aen^^ nZ thf ' . "^'^'^^ ^'^^""'^ °' emulsifying agents are 

partite size ^ °' ^'^^'^''^'^S «9«"< e^'P'oyed. the smaller the average 

are rtenSl^^t^fn'^r T" *° '""'''^'^ P^^^^"' '■"^^"«°"- " understood that they 

weiQht uniSs otJn J fH' ^ """"'"^ °* the ^examples, all parts are b^ 

rX^ILroTydtdX:,.'"'"^^^ th^ 

Assay of S odium Borohydrlde by the Perlodate Method 

in iTn tS^ ""^H ^'^.^ T'*" '^^''"^ borohydride into a 250 mL volumetric flask. Dissolve it 

' p° 'T ^y^^^^'^^- Dilute to the mark with 1 .0 N sodium hydroxide arid mix well. 

perbSl solITtion'"'''''' ' '"^ ''^-ediately add 35,6 mL of 0.04 M potassium 

3. Add 2.0 g potassium iodide. Swirl gently to dissolve Kl crystals 

mln^ules^^ of 6 N sulfuric acid, stopper, swirl to mix and allow to stand ih a cool, dark place for 2-3 

thin'JIfiSJ^T/^^ ^^^^^ ^'^^ ^'^^'"^^ water. , Titrate with 0.1 N sodium 

thiosulfate solution, using starch indicator, to a colorless endpoint. 

6. Calculate % sodium borohydride as follows: 
% NaBH4 = 

t <mL KIO3) X N KIO3) - (mL NajSjOj X N Na2S203)] X 0,4731 

— \_ 

Sample weight (grams) 

EXAMPLE I 

This example describes the preparation of low formaldehyde N-methylol acrylamide in accordance with 
the teachings of the invention. 

The following charges were prepared: 
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Initial Charge 


Wt(g) 


mole 


1. 


Acrylamide 50 wt% 


210 


1.48 


2 


Formaldehyde, 50 wt% 


44.6 


0.74 




Subsequently Added 






3. 


NaOH 25 wt% 






4. 


Formaldehyde, 50 wt% 


44.6 


0.74 


5. 


Methyl ether of hydroquinone (MEHQ) 


0.007 


50 Dom 




Reductant Slow Add 






6, 


NaOH 25 wt% 


1.6 


0.04 


7;. 


Dl Water 


8.4 




8: 


NaBH4 


1.8 


0.047 




Acid Slow Add 






9- 


Dl Water 


3.1 




10. 


H2SO4. 98wt% 


3.1 


0.031 


11- 


MEHQ 


0.007 


50 ppm 




Total 


318.5 




Theoretical Solids. wt% 47.0 



Apparatus 

1 -L Reaction flask equipped with a 2" anchor-type SS stirrer, thermometer, pH probe, sub-surface air 
inlet, hot water bath {for NMA preparation). 2 addition funnels, and ice-salt cooling bath {for borohydride 
reduction). The additional funnels for borohydride and the acid must be s^t as far apart as possible to avoid 
any contact of unreacted borohydride with the acid going into the reaction. 

Procedure 



The preparation of low formaldehyde NMA is carried out in two stages. Rrst. the NMA is prepared from 
1:1 molar mixture of acrylamide and formaldehyde at high pH. In the second stage (step 7 onwards), the 
free formaldehyde Is reduced with borohydride at low temperature (-10 to 25 'C) and high pH (10 - 11) as 
described previously. jThe reducing agent and the sulfuric acid solutions should be kept ready in time for 
the second stage to start immediately following the first stage as NMA is not very stable at high pH even at 
room temperature. 

1 . Assay acrylamide and fonmaldehyde for concentration using standard analytical methods. 

2. Place acrylamide "1 " and formaldehyde ^Z^ in the flask. Start stirrer and air sparge. 

3. Add sodium hydroxide "3" to adjust pH between 9.5-10. The reaction with exothenn to 30-35 'C. This 
exotherm is dependent on the reaction scale and a water bath may be used to cool the reaction. Do not 
allow the reaction to exotherm beyond 45 • C. 

4. After the exotherm has subsided, add the second half of the formaldehyde "4" and adjust pH if 
necessary with NaOH "3". The pH must not exceed 10 and the temperature must not exceed 45 •C. 
Warm the reaction mixture to 35-40 • C and continue the reaction until the formaldehyde level is <2% 
preferably between 1-2 to 1.5% as determined by conventional hydroxylamine titration. This takes 
approximately 3 hours. 

5. Add MEHQ "5" to the reaction mixture and stir until dissolved. Adjust the reaction mixture to pH 10-11 
with NaOH "3" as necessary. 

6. Cool the reaction mixture to 25-C and proceed to carry out the reduction of the free formaldehyde 
with borohydride which is described starting from step 7. 

7. In a 50 mL conical flask equipped with a 1" magnetic stirrer, make a solution of NaOH "6" in water 
"7- and cool to 25 -C. 

8. Add the sodium borohydride in small portions to the NaOH solution in step 7 with good stirring over 
10 minutes. Stir well until all tiie tx>rohydride is dissolved. 
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tJZT- *^ ^'^"^'•y "s'"9 the periodate method. Adjust the quantity of the solution to 

the required amount m the formula. The activity of sodium borohydriie shduW be 15 ° 0 2% tansfS 
this solution to one of the addition funnel. w.-i/o. transfer 

10. Place water "9- in a 50 mL beaker and slowly add sulfuric acid "10" with good mixing so as not to 
cause excessive heat build up. A suitable cooling bath may be used to control the exotLrm Le, he 
solution cool to 25 • C before placing it in the addition funnel omerm. Let the 

l^.;n^^^ TlJ^^Tn^r^""'"^""^ ^'^P^'^'^ ^^^P 6 to 8-10 'C. The reduction temperature must be 
maintained below 10 • C to achieve the desired low final formaldehyde level 

llt^lln ToT^T^ T s'o- add "C- at such a rate to maintain pH 

^ST^f i h n '^"^^'^""'^ t^'o^ 10-C. At 500 mL scale in the laboratory, the addition times are 

r::™7e mrr ^-^^ — - 

13 After the borohydride slow add is complete, immediately bring the pH to 5-6 with sulfuric acid 
solution prepared in step 10. Let the reaction mixture warm to room temperature. 

nL^T f T "«"»^alization are diffusion controlled reactions, very good agitation is 

necessary to avoid any build up of local concentration of the reagents. The localized concentraSon of 
4 AH^r MPu'i 1" "r'"*^'* °' '^"^ polymerization), 

titration «nH . ^« ^"'^ P^^"^-" ^««'dual formaldehyde 

The resulting monomer was characterized as follows. 

Propertiv Value 

Solids wt% 46-49 
Calculated NMA* 42-45 
Free formaldehyde, wt%** 0.10-0.15 

*The active NMA% is calculated from the % active NMA in the initial charae 
as follows: ^ 
% Active NMA in the final product « % active NMA in the I initial charcie 

Total weight of final solution 

**Preo formaldehyde was determined using the method described by S. Siggia 
and J, G. Hanna in Quantitative Organic Analysis via Functional Groups, J. 
Wiley & Sons, p, 95. 

Maintaining the pH between 10-11 is critical to obtaining gel free monomer and lower temperature is 
critical in being able to achieve the desired low formaldehyde level. This requirement Is illustrated by the 
results presented in the following table wherein the Interaction of temperature and pH level are described 



TABT.K I 



Temperature, *C 
I 


Residual free CS^O <%) as a function of t'eaperaturo and pH 


25 


GEL 






0.54 


17.5 




0.23, 
0.27 






10 


GEL 




0-14 


0.11 
0.12 


pH 


9 


10 


10.5 


11 



The results presented In Table I Illustrate the interrelationship between the temperature of the reaction 
and the pH at which it is carried out TDus, at pH of about 9. gelation occurs. Moreover, at temperatures 
about 25 -C. and at pH of about 12, the level of formaldehyde present in the Imonomer increases above 
about 0.5 ppm. Thus, the results of Table I show that optimum conditions are obtained at pH of 10-11 and 
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temperatures of 5 to 25 • C, preferably 5 to 20 • C. 

Another series of N-methylol acrylamide products were prepared to illustrate the effects of the 
formaldehyde/borohydride ratio as well as even low r t mperatures (-10.5 to +5*C) on the free fornnai- 
dehyde level. The samples were prepared at pH 10.5 and tested as described previously. The results are 
shown below. 

TABLE II 



Formaldehyde: 
Borohydride f^ole Ratio 


Formaldehyde (as pph of NMA) 


Reaction Temperature ( * C) 


3:1 


0.32 


3 to 5 


2.5:1 


0.1 


3 to 5 


2:1 


0.04 


3 to 5 


1:1 


0.004 


3 to 5 


3:1 


0.07 


-10.5 to -8.5 


4:1 


0.4 


-10.5 to -8.5 



As illustrated in Table II, at a fixed temperature as the amount of borohydride increases, the level of 
formaldehyde decreases. Additionally, lowering the temperature at which the scavenging reaction is 
performed, substantially decreases the level of formaldehyde in the resultant product. 

EXAMPLE H 

An aqueous solution of N-(2.2-dimethoxy-1 -hydroxy )ethy I acrylamide (DMHEA) prepared by the con- 
densation of an equimplar mixture of 50% acrylamide and 50% 2,2-dimethoxy acetaldehyde (DMA) at pH 9- 
10 resulted in a monpmer mixture containing 39% Df^HEA, 5% DMA and 3% acrylamide. This solution 
when subjected to the sodium borohydride reduction under conditions similar to that described for N- 
methylol acrylamide in Example I resulting in a monomer mixture containing approximately 39% DMHEA, 
0.25% DMA. 4.8% 2,2-dimethoxy ethanol (reduction of DMA) and 3% acrylamide. 

EXAMPLE III 

The following example illustrates the batch preparation of the emulsion polymers containing the low 
formaldehyde N-methylol acrylamide prepared in Example I at pH 10.5 and 10' C; 

A 10 liter stainless steel autoclave equipped with heating/cooling means, variable rate stirrer and means 
of metering monomers and initiators was employed. To the 10 liter autoclave was charged 400 g (of a 20% 
w/w solution) sodium alkyi aryl polyethylene oxide sulphate (3 moles ethylene oxide). 60 g (of a 70% w/w 
solution in water) alkyl^ aryl polyethylene oxide (30 mole ethylene oxide), 70 g sodium vinyl sulfonate (25% 
solution in water). 0.5| g sodium acetate, 5 g (of a 1% solution in water) ferrous sulfate solution, 1.7 g 
ascorbic acid and 200p g water. After purging with nitrogen, alt the vinyl acetate (3600 g) was added and 
the reactor was pressurized to 600 psi with ethylene and equilibrated at 50 • C for 15 minutes. 

After heating to 50 'C, the polymerization was started by metering in a solution of 16 g tertiary butyl 
hydroperoxide (tBHP) in 250 g of water and 10 g ascorbic acid in 250 g water. The initiators were added at 
a uniform rate over a period of 5^ hours. 

Concurrently added with the initiators over a period of 4 hours was an aqueous solution of 395 g of the 
N-methylol acrylamide from Example 1 (44% w/w solution in water). 1 .5 g of sodium acetate in 400 g of 
water and 150 g (of a 20% w/w solution) sodium alkyI aryl polyethylene oxide sulfate (3 moles ethylene 
oxide). 

During the reaction the temperature was controlled at 75 • C to 80 * C by means of jacket cooling. At the 
end of the reaction the emulsion was transferred to an evacuated vessel (30 L) to remove residual ethylene 
from the system. An additional 1.6 g of tBHP in 25 g water and 1 g ascorbic acid in 25 g water were added 
to reduce the residual monomer to less than 0,5%. 

This procedure resuHed in a polymeric composition of ethylene, vinyl acetate and N-methylol ac- 
rylamide (E/VA/NMA) in a 18:82:4 ratio. 
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treated' w^Thf "l^hTr" S*"''"' ' ^'^""^'^ ""'^"^'^y'^' a^^^rlamide which had not been 
treated with the borohydnde. The polymer was prepared as above using ascorbic acid and t-butyl 
hydroperox.de as the polymerization catalyst system. Control II was also prepared with untreated N 
methylol acrylam.de but using sodium formaldehyde sulfoxydration as the polymerization catalyst. Control 
5 III was prepared us.ng NMA Special, a 48% w/w solution containing 28% NMA and 20% acrytemrde 
available from American Cyanamid. <«:ry.amiae 

Test Procedure 

w "I!"!" ^"'^^ °' ^ cellulosic pulp substrate were saturated using a 

Z2To? nf^'^rH ™ '^''^^ '"^ ' °' ^ «"«'cient ^a er to 

d.lute to a 10% solrds concentration, to a dry pick up of approximately 8 to 15 parts binder per 100 parts 

aJditinn.. / • ^^'f^.^^^^^^^ ^"^ 1 -"inute at lOO'C in a laboratory contact drier and cured an 

,5 temoerirt ZT" ' ^ ""'^ ^^""'"^ conditioned overnight in a controlled 

75 temperature and humidity room. 

The tensile tests were run on a standard Instron tensile tester set at 3 inch gauge length and 1 
!" !^o, "".^^^^'"^ ^^"^^ '^^^ strength was tested after soaking specimens for one minute 

m a 1.0 /o solution of Aerosol OT wetting agent. Results shown reflect the average of 10 tests 

In these examples, web formaldehyde is determined on Whatman filter paper using an acetylacetone 
♦«^^ P^°<^f dure which utilizes the Nash reagent. The Nash reagent is a isolution containing 0.2 M 
acetylacetone. 0.05M acetic acid, and 2M ammonium acetate and has a pH of 6.6. Under the conditions of 
the assay method formaldehyde reacts with the reagent to produce a lutidine compound in a highly specific 



25 



The formaldehyde is extracted with deionized water. The colorimetric analysis is based on the reaction 
of formaldehyde with acetylacetone. The absorbency of the yellow-colored by-product is measured on a 
visible spectrophotometer at 412 nm and the concentration of free formaldehyde is determined with 
reference to a standard calibration curve. 

The quantitative analysis of free formaldehyde in the latex Involves a high performance liquid 
chromatography (HPLC) procedure which selectively determines the Nash reagent-formaldehyde derivative 
30 Values are reported in parts per million (ppm) on the latex as made. 



TABLE 111 







CMD TENSILE 
PERFORMANCE 


SAMPLE 


X-UNK MONOMER 


AMOUNT 


HCHO 
LATEX 


IN WEB 


DRY 


WET 


M.E.K. 


1 


Monomer of Sample 1 


4.0 


45 




10.86 


4.76 


3.76 


Control 1 


Unscavenged NMA Control-Ascorbic Acid 


4.0 


460 


18 


8.60 


3,60 


2.51 


Control II 


Unscavenged NMA Control - SFS 


5-2 


670 


74 


9.35 


4.42 


3,28 


Control III 


Control (NMA Special) 


5.2 


61 


6 


9.82 


3.90 


2.83 



As the results presented In Table III show, the level of formaldehyde In the dried web (less than 10 
ppm) is substantially reduced in the samples prepared with the low fonnaldehyde NMA monomer when 
compared with other emulsions containing comparable untreated NMA monomer. Moreover, the samples 
prepared in accordance with the teachings of the present invention also exhibit substantial performance 
improvements as shown by the wet and dry tensile strength properties wherein only 4 parts of the 
borohydride treated NMA were required to give properties comparable results to those obtained with 5.2 
parts of the untreated NMA or of the NMA Special. 

Similar results would be obtained using the low formaldehyde N-methylol ;amide monomers in other 
vinyl ester or acrylic polymers. 
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Claims 

1. In a process for' the preparation of N-alkylol amide monomers wherein a polymerizabte amide is 
reacted with an aldehyde, the improvement which comprises adjusting the pH of the resulting N-alkyiol 
5 amide monomer i to pH 10-11 and adding thereto an alkali or alkali earth metal borohydride at a 

temperature of -10 to 25* C so as to convert the residual free aldehyde in the equilibrium mixture to the 
corresponding alcohol. 

2- The process of Claim 1 wherein the N-alkyloI amide monomer is N-methylol acrylamide or an N-(2,2- 
70 dialkoxy-1 -hydroxy) alkyi acrylamide. 

3. The process of Claim 1 wherein the borohydride is added in an amount to provide a borohydride to 
aldehyde mofar ratio between 1:3 and 1:1. 

75 4. An N-alkylol amide monomer produced by the process of Claim 1 and containing less than 0.4% free 
aldehyde. 

5- In a process for the production of a low formaldehyde emulsion polymer containing at least 50% by 
weight vinyl acetate and up to 10% by weight of a crosslinking monomer wherein the polymerization is 

20 carried out in water in the presence of a redox initiator system comprising 0.05 to 3% by weight of the 

polymer solids of a hydrophobic hydroperoxide and 0,05 to 3% by weight ascorbic acid, the 
improvement which comprises using as the crosslinking monomer an N-alkylol amide which has been 
treated by adjusting the pH to 10-11 and adding thereto an alkali or alkali earth metal borohydride at a 
temperature of -10 to 25 • C. so as to convert the residual free aldehyde in the equilibrium mixture to 

25 the corresponding^ alcohol. 

6. The process of Claim 5 wherein the hydrophobic hydroperoxide is tertiary butyl hydroperoxide, and is 
present in an amount of 0.1 to 1% and the ascorbic acid is present in an amount of 0.1 to 1%. 

30 7. A non woven product comprising a nonwoven web of fibers bonded together with a binder which 
comprises an emulsion polymer produced by the process of Claim 5, the nonwoven product character- 
ized by a low free formaldehyde content after drying and curing at a binder add-on which is sufficient 
to bind the fibers together to form a self-sustaining web. 

35 8. A textile product i comprising a textile substrate coated with an emulsion polymer prepared by the 
process of Claim 5, the textile product characterized by a low free formaldehyde content after drying 
and curing. 

9. A low formaldehyde containing emulsion polymer comprising at least 50% by weight vinyl acetate and 
40 up to 10% by weight of a crosslinking monomer, the crosslinking monomer having been treated by 

adjusting the pH! to 10-11 and adding thereto an alkali or aJkali earth metal borohydride at a 
temperature of -10 to 25* C. so as to convert the residual free aldehyde in the equilibrium mixture to 
the corresponding; alcohol and the emulsion binder having been polymerized using an initiator system 
which consists of 0,01 to 3% by weight tertiary butyl hydroperoxide and 0.01 to 3% by weight ascorbic 
45 acid. 

10. The emulsion polymer of Claim 9 characterized in that a dried and cured nonwoven web bound 
therewith has a free formaldehyde content less than 1 0 ppm. 
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